who may be at high risk for stroke: they may be able to serve as transmission vectors of stroke information into their households and may be the only witnesses present during a stroke.
The primary aim of this study is to evaluate the effectiveness of a stroke education intervention delivered exclusively to preadolescent children on the stroke preparedness of children and of their parents (henceforth, parents also refer to grandparents).
Hypothesis 1 (H1): There will be no differences in stroke preparedness at baseline between groups for parents and for children.
Hypothesis 2 (H2): Children in the intervention arm will demonstrate greater stroke preparedness immediately after and at 3 months after intervention when compared with those in the control arm.
Hypothesis 2a (H2a): Parents in the intervention arm will demonstrate greater stroke preparedness and stroke identification (FAST [Facial droop, Arm weakness, Speech disturbance, Time to call 911]) immediately after and at 3 months after intervention when compared with those in the control arm.
Hypothesis 3 (H3): Compared with students in the control condition, children in the intervention arm will be more likely to communicate stroke information to their parents.
Hypothesis 4 (H4): In homes in which information is shared, parents in schools assigned to the intervention arm will demonstrate greater stroke preparedness, compared with their baseline knowledge, at 1-week and at 3-month followup, and compared with parents in the control arm.
Mediation analysis (H4M): Analyses to establish that the effect of the intervention on adult preparedness is mediated by improvement in children's knowledge.
Methods
Data supporting findings of this study are available from the corresponding author on reasonable request.
Design
Children in fourth to sixth grades (aged 9-12 years) attending highneed New York City public schools and their parents were eligible for inclusion. Schools were randomized into either a stroke preparedness intervention (HHS [Hip-Hop Stroke]) or an attentional control (nutrition classes). Randomization occurred at the school level in a 1:1 ratio; written consent was obtained from parents for their child and themselves. Assent was obtained from each child. Details of enrollment and retention are shown in Figure 1 . Further information on study procedures is available in a previous report 9 and online-only Data Supplement.
Intervention Condition
HHS is a culturally tailored intervention targeting urban minority children. Children undergo three 1-hour modules separated by at least 24 hours (Table I in the online-only Data Supplement). Theoretical models underpinning HHS are detailed in an earlier report. 10 In brief, HHS is a modular, multimedia, school-based intervention that uses hip-hop music containing stroke lyrics, 2 synergistic 3.5-minute animated narrative cartoons, a clotbuster (thrombolytic) stroke video game, and a comic book ( Figure I in the online-only Data Supplement), to teach and motivate children to share stroke information with parents through homework activity that leverages an online HHS portal. No direct intervention is provided to parents. The children watch each cartoon 3× (once per module). 11 The cartoons teach recognition of the 5 SUDDENS stroke symptoms (sudden confusion or trouble speaking; unilateral numbness or weakness; trouble seeing; loss of balance, incoordination, or dizziness; and severe headache with no known cause), the availability and benefit of time-dependent thrombolysis, lifestyle prevention measures, calling 911, and encourage children to share stroke information with parents.
Control Condition
The United States Department of Agriculture My Pyramid nutrition program constituted the attentional control program. This was adapted into three 1-hour class modules to mirror the intervention and delivered by a trained facilitator.
Outcomes
Primary outcomes were child and parental stroke knowledge/preparedness. Parental outcomes were assessed with in-person surveys at baseline and by telephone during follow-up. Child outcomes were assessed in-person within classrooms. A secondary/exploratory outcome was the assessment of the occurrence and response to familial stroke-like symptoms after participating in study arms: whether 911 was called, and the child's role in facilitating stroke recognition or emergency medical services activation. An independent stroke neurologist adjudicated the self-reported stroke event in a telephone interview.
Measures
(1) A 7-item instrument was used to assess stroke knowledge/preparedness. This primary outcome measure was administered to children and parents. It included knowledge of the 5 SUDDENS symptoms, a question from the Stroke Action Test evaluating intent to call 911, 12 and a distractor item-sudden chest pain-to facilitate comparison with the nationwide Behavioral Risk Factor Surveillance Survey. 13 (2) A second outcome measure administered only to parents assessed as knowledge of the FAST. 14 This measure has been used to promote stroke identification and urgent action by mass media campaigns globally, identifies 88.8% of stroke/transient ischemic attack patients, 15 and has been associated with reduced prehospital delays to stroke care. 16 Additional information about child-parental sharing was provided by a question asked of parents at post-test. Did your child share any information from the program with you?
We added a self-efficacy scale with subconstructs for stroke recognition, appropriate action in response to stroke symptoms, ability to describe a stroke event to a 911 operator, and ability to teach a friend or family member how to recognize a stroke.
Covariates
A 7-item composite of barriers to calling 911 (eg, cost of ambulance and hospitalization) derived from focus groups on representative adults and literature review was included in the parent questionnaire as a covariate. In addition, sociodemographic variables (Table 1) , parental health literacy, 17 and parental stroke experience (presence of stroke in a family member, close relative, or close friend with whom the parent has had contact) were assessed.
Data Analysis
For the stroke preparedness instrument, internal consistency reliability estimates, including Cronbach α and McDonalds omega total, were calculated. In addition, the explained common variance, an estimate of dimensionality derived from a factor analysis model, was computed. Psychometric analyses were conducted using the psych package in R. 18 α, McDonald omega total, and explained common variance were computed using tetrachoric correlations for binary data. Observed means and SEs were computed using SPSS complex samples. 19 Analysis of longitudinal data was performed on an intention to treat basis and adjusted for clustering of subjects within schools using Statistical Analysis System Procedures Mixed 20 for continuous outcomes and Statistical Analysis System Procedures Glimmix for binary outcomes. The statistical tests were based on trajectories (slopes) estimated from observed data points over 3 waves of data
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(pre, immediate post, and 3-month delayed post-tests). Significance tests were 2-tailed, and the α level was set at 0.05 for each primary outcome. The end points entered into the models when treated as continuous variables did not require prior transformation, based on graphical inspection of the distribution of the outcome and of the residuals from the models. Adjusted means (SE) of the end points during follow-up were estimated as follows. Power terms were added if a nonlinear model provided a better fit. The stroke preparedness measure evidenced a nonlinear trajectory; thus, a quadratic (group×test2) term was included to model the nonlinearity. A significant quadratic term indicates differences between treatment groups, with one of the groups exhibiting a U-shaped distribution of the outcome over time. Group heterogeneity in cluster and residual variances also required modeling. Sensitivity analyses were conducted using the same methodology described above including participants that completed at least 2 tests (n=2789 for the students and n=887 for the parents). The best covariance structure was selected based on examination of the Akaike Information Criterion 21 and Schwarz Bayesian Information Criterion. 22 An unstructured covariance structure was observed to be superior and was thus used in all analyses.
Power calculations were performed for the group and method with the most stringent requirements. Power calculations were performed for end point analyses, treating the outcome as binary (100% correct versus <100%) on the knowledge/preparedness and FAST literacy tests (details are given in the online-only Data Supplement). Power was >0.90 for the child preparedness test and the parent FAST test, but the study was underpowered for the parent preparedness test (treated as binary), given the observed effect sizes (shown below).
The potential mediating effect of child knowledge on parent knowledge was also evaluated through the assessment of P values for the mediating path coefficients. Details of the analyses are in the onlineonly Data Supplement. Finally, the effect of the child sharing information about the program with parents was evaluated using a mixed model evaluating the continuous version of the parental stroke knowledge/ preparedness and FAST composite outcomes. An interaction term was used to examine whether shared information resulted in larger effects.
Ethics review approval was obtained from the New York City Department of Education Institutional Review Board and Columbia University Institutional Review Board. 
Results

Reliability of Measures
Data on the psychometric properties of measures used can be found in the online-only Data Supplement.
Attrition
Overall, 3070 fourth to sixth graders in 22 schools and 1144 of their parents were enrolled. The primary analyses were intent-to-treat, and therefore, all children and parents enrolled were analyzed (Figure 1) . In sensitivity analyses, 2789 children (90.87%) and 887 parents (77.5%) who completed at least 2 tests were included in the analyses. A parent was considered as followed if they completed the pre-test and at least 1 post-test. There were 257 parents with no followup tests and 887 parents with at least 1 follow-up test. There were no significant differences between those parents who were followed or not.
Children (H1, H2)
There was no significant difference in baseline tests between the intervention and control groups (H1) regardless of whether stroke preparedness was analyzed as a binary variable (perfect score on the knowledge/preparedness test) or as a continuous measure. Model-based means from the analyses of the binary outcomes (H2) for children were similar to the observed means ( Table 2 ). The model-based means were 1% (95% confidence interval [CI], 0%-1%) in the control and 2% (95% CI, 1%-4%; P=0.09) in the intervention group demonstrated optimal stroke preparedness (perfect scores) at baseline, increasing to 57% (95% CI, 44%-69%) immediately after the program in the intervention as contrasted with 1% (95% CI, 0%-1%; P<0.001) in the control. At 3-month follow-up, 24% (95% CI, 15%-33%) of the intervention retained optimal preparedness, compared with 2% (95% CI, 0%-3%; P<0.001) in the control. Treated as a continuous measure, examined over 3 time points, the intervention group evidenced significantly greater gains in preparedness relative to controls (P<0.0001). Self-efficacy across all subconstructs increased significantly (P<0.0001) relative to the control group.
Sensitivity analysis for children's data including respondents with at least 2 waves of data was conducted using a mixed model approach that was the same as that of the intentto-treat analysis (the covariance structure was unstructured, with heterogeneous group variances, and school treated as a random effect). A total of 281 cases were excluded (102 in the intervention group and 179 in the control group). The estimates were similar to those from the intent-to-treat analyses for both continuous and binary outcomes. For example, for the continuous outcome, the estimates of the fixed effects for the intent-to-treat and at least 2 wave analyses, respectively, are as follows 
Parents Knowledge/Preparedness (H1, H2a)
There were no significant differences in stroke preparedness between control and intervention groups at baseline (H1). Model-based means from the analyses of the binary outcome (H2a) showed that 17% (95% CI, 13%-20%) of parents in the control and 19% (95% CI, 16-23%) in the intervention group demonstrated optimal stroke preparedness, and this increased to 29% (95% CI, 24%-34%) immediately after the program in the intervention group as contrasted with 21% (95% CI, 17%-25%) in controls. However, end point differences were less (21% in controls and 24% in the intervention; P=0.0892). The observed and model-based means were similar. Treated as a continuous knowledge measure, and 
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examined over the 3 time points, the intervention group evidenced significantly greater gains in preparedness relative to the controls (P=0.0012). The model-based mean differences were 2 points on a 7-point scale. Thus, the effect was an average of 3.5 of 7 (50% correct) versus 5.6 of 7 (80%), a significant and clinically important difference.
Parents FAST Literacy (H2a)
Model-based means for the binary FAST outcome (H2a) showed that only 3% (95% CI, 2%-4%) of parents in the intervention could identify all letters of the FAST acronym at baseline but this increased to 20% at immediate post-test (95% CI, 16%-24%) and 17% at the 3-month delayed posttest (H2: 95% CI, 13%-21%; P=0.0062), whereas no significant changes were observed in controls (Table 3 ; Figure 2) . The observed and model-based means were similar. Self-efficacy increased significantly across all subconstructs (P<0.0001; not shown) relative to controls.
Sensitivity analysis for parental knowledge/preparedness data using respondents with at least 2 waves of data was conducted using a mixed model approach that was the same as that of the intent-to-treat analysis (the covariance structure was unstructured, with heterogeneous group variances, and school treated as a random effect). A total of 257 cases were excluded (160 in the intervention group and 97 in the control group). The estimates were similar to those from the intentto-treat analyses for both continuous and binary outcomes. 
Covariates
Although 61% of parents reported stroke experience at both pre-test and post-test, we found no association between this and stroke preparedness. In addition, health literacy and barriers to calling 911 were not associated significantly with stroke preparedness.
Sharing and Mediation
There was an intervention effect for information sharing (H3). The results (adjusted for clustering) were that among the control group, 42% reported sharing information as contrasted with 81% of the intervention group (P<0.0001). Over time, parental stroke preparedness scores in the intervention group whose children shared stroke information (H4) with them showed greater increase than intervention parents whose children did not share stroke information (stroke preparedness items, P=0.0183; FAST composite, P=0.0019; data not shown). The model-based means for the parental preparedness test for the intervention group whose children shared information increased from 5.60 to 5.96, as contrasted with those who shared information in the control group (5.52-5.68). The comparable data for the ere 0.20 to 1.11 (intervention) and 0.07 to 0.10 (control).
We found no significant mediation effect (H4M) of child stroke preparedness scores and prevention knowledge on parental stroke preparedness scores and prevention knowledge ( Figure II in the online-only Data Supplement).
Stroke Events (Secondary Aim)
We performed a total of 315 stroke event interviews on parents (200 intervention and 115 control) over a 3-year followup period. We found 27 (8.6%) self-reported stroke events affecting a family member, with 18 in the intervention (9%) and 9 in the control group (8%). Emergency medical services activation occurred in 14 of 18 cases (77%) in the intervention Nonlinear models predicting stroke preparedness, adjusted for clustering within school and heterogeneity in group and residual variances.
group and 6 of 9 (66%) cases in the control group. Because of the low number of events, we were unable to draw meaningful conclusions from these data. However, 4 children, all in the intervention group, called 911 for stroke events, in 1 case overruling a parent's wait-and-see approach.
Discussion
This randomized controlled trial of a school-based stroke education program showed significant and relatively large gains in stroke preparedness for both parents and children that were sustained over at least 3 months. Using our definition of optimal stroke knowledge/preparedness (perfect scores), it was estimated that 24% of school children aged 9 to 12 years exposed to the HHS intervention as contrasted with 2% of those who were not exposed became and remained stroke prepared at 3 months. HHS children demonstrated high self-efficacy for stroke recognition, calling 911, describing stroke event to a 911 operator, and teaching their parents about stroke. Although we did not find a mediation effect between children's stroke preparedness scores and their parent's stroke preparedness scores, parents of children who shared stroke information with them showed greater increase in stroke preparedness over time than parents whose children did not share stroke information, supporting our transmission vector hypothesis. Overall, parents showed an increase in stroke knowledge/preparedness at immediate post-intervention, followed by a decline toward pretest values after 3 months, which nonetheless remained greater for the intervention than control parents. Although greater missing data at 3 months were observed for the parents (53.15%) in contrast to children (30.72%), nonlinear models for average change over time were significant in the direction of significantly greater estimated stroke knowledge/preparedness in both intervention groups relative to the control group. Moreover, significant gains in FAST literacy were observed among parents in the intervention group, and this persisted at 3 months. Translated into real-world gains in stroke preparedness, for every 100 parents whose children are exposed to the HHS intervention, 14 additional parents will pass the FAST literacy test with a perfect score. Beside these cognitive effects, 4 intervention children called 911 for real-life stroke occurrences among family members. These cases, combined with an additional 2 cases reported in our pilot studies, 23 although few in number (n=6), show that our intervention not only improves stroke preparedness of children, it can also translate into behavior change. We note that in our collective experience at a major New York City stroke center, it is highly unusual for preadolescent children to be a family leader in making decisions to call 911 for a recognized stroke.
One systematic literature review of school-based stroke interventions included 12 studies, which provided data on 3312 children and 612 parents. 24 The authors found a single randomized clinical trial (the second randomized clinical trial reported was an interim analysis of the same study), which enrolled older children in Sixth, seventh, and eighth grades. 25 Unfortunately, this study did not analyze parental data because of low parental participation (17% or 77/462 parents completed testing). The systematic review also found a lack of data supporting the ability of stroke-educated children to recognize and respond appropriately to stroke in the real world, and in their ability to transfer stroke knowledge to the parents. 24 A subsequent school-based randomized clinical trial involved an intervention delivered to eighth graders (adolescents) by a neurologist in the form of a stroke lecture. 26 Encouragingly, the authors provided evidence supporting the ability of these children to transfer stroke information to parents, although psychometric data on their stroke knowledge instrument were not presented. The current trial, which to the best of our knowledge is the largest of its kind to date, targets preadolescent children through Lay Health Facilitators equipped with culturally tailored multimedia that can be accessed for free online. It may therefore represent a more scalable approach.
Limitations
We had significant parental attrition over time with similar dropout rates in both arms, but maintained statistical power for the FAST outcome because of our large sample size. Sensitivity analyses examining only those respondents with at least 2 waves of data yielded estimates very close to those found in the primary intent-to-treat analyses of all respondents. These challenges reflect the practical problems of parental recruitment and retention in school-based studies, especially those targeting schools within economically disadvantaged communities. We did track and model gains in parental stroke preparedness relative to child engagement in family stroke preparedness conversations; however, the exact dose of each child's engagement cannot be determined. On stroke events, we were severely underpowered to detect meaningful differences, although this was a secondary outcome. Notwithstanding, our observations suggest that stroke-educated children aged 9 to 12 years can recognize stroke and appropriately call 911 in the real world.
Conclusions
Children may be underused conduits for reaching economically disadvantaged ethnic minorities with critical stroke information. HHS may represent an effective intergenerational alternative to mass media campaigns and may be used to support annual public stroke education requirements for stroke center certification in the United States.
